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ABSTRACT 

The problem of a self-gravitational instability of infinite 
homogeneous two component Rotating viscous plasma in the 
presence of magnetic field, electrical resistivity, the effect of 
arbitrary radiative heat-loss functions and finite electron inertia is 
investigated. A general dispersion relation is obtained using the 
normal mode analysis with the help of relevant linearized 
perturbation equation of the problem and a modified Jeans 
criterion of instability is obtained. The conditions of modified 
Jeans instabilities and stabilities are discussed in the different 
cases of our interest. The effect of electron inertia affects only the 
longitudinal mode of propagation and it has no effect on the 
transverse mode of propagation. We find that the Jeans condition 
of gravitational instability is modified due to the presence of 
thermal conductivity and density dependent heat-loss function. 
Numerical calculations have been performed to show the effect of 
various parameters on the growth rate of the gravitational 
instability. 

Keywords: Rotation, Arbitrary radiative heat-loss functions, 
partially-ionized plasma, thermal conductivity and collision 
frequency. 

1. INTRODUCTION medium was first considered by Jeans 1 . 

Since then several authors have studied this 
The Gravitational instability problem, under varying assumption of 
Problem of an infinite homogeneous hydrodynamics and hydromagnetics, and a 
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comprehensive account of all these 
investigations has been given by 
Chandrasekhar 2 in his monograph on 
problem of hydrodynamic stability. He has 
shown that Jean's criterion remains 
unaffected by the separate or simultaneous 
presence of a uniform rotation and uniform 
magnetic field. Pacholczyk and 
Stodolkiewicz 3 have studied the effect of 
rotation and finite conductivity on the 
gravitational instability of an interstellar 
medium like the HI region. It is, therefore, 
of importance and is the object of the present 
investigation to study the effects of finite 
conductivity and frictional effects with 
neutrals on the gravitational instability of 
interstellar and interplanetary plasmas. 
Chonkar and Bhatia 4 have studied the 
combined influence of Coriolis force and 
viscosity on plasma stability in the absence 
of Hall currents and concluded that viscosity 
has a stabilizing influence on the system. 
Partially-ionized plasma represents a state 
which often exists in the universe. The 
interaction between the natural and the 
ionized gas components becomes 
importance in the cosmic sphere. In above 
mentioned studies none of the authors has 
incorporated the radiative effects in then- 
studies. 

Along with this, one of the most 
important phenomenon in many parts of 
physics is so called thermal radiation or 
black body radiation, where the distribution 
of electromagnetic radiation energy is in 
thermal equilibrium with the substance 
pervaded by it. Such radiation is of great 
astrophysical importance, since many 
cosmic objects are characterized by high 
temperature of the order of tens of millions 
degrees or more, including relativistic 



temperatures. The phenomenon of thermal 
instability arising due to heat-loss 
mechanisms in a dilute plasma has been 
studied by several authors. The importance 
of thermal instability in the formation of 
condensations like galaxies, solar 
prominences and planetary nebulae from a 
dilute gas has been analyzed by Field 5 . 
Dwivedi et al. 6 has analyzed the effect of 
radiative condensation on Jeans instability. 
They pointed out that under certain 
conditions, the radiative cooling can 
overwhelm the gravitational collapse. 
Aggrawal and Talwar 7 have investigated the 
problem of incipient fragmentation of 
interstellar matter to form condensation, 
taking into account thermal and radiative 
effects incorporated viscosity, electrical 
conductivity, rotation and uniform magnetic 
field. They have pointed out that the 
classical Jeans criterion regarding the size of 
initial break up is considerably modified due 
to a heat-loss function in an in viscid and 
ideally conducting fluid. In the recent ISM 
observations, it is observed that the radiative 
heat-loss mechanism plays an important role 
in the star formation and molecular cloud 
condensation process in connection with 
thermal instability. The ISM structure shows 
that the heat-loss process plays an important 
role in the condensation of large 
astrophysical compact objects. Basically this 
radiative heat-loss function shows the decay 
of heat in an embedded system with respect 
to local temperature and density. 

Recently, Shaikh and Khan 8 have 
discussed the instability of thermally 
conducting self-gravitating system. Pensia 
et al. 9 have discussed the problem of self- 
gravitational instability in the presence of 
suspended particles. Pensia et al. w have 
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studied the thermal instability of self- 
gravitating, rotating gaseous plasma with 
generalized ohm's law. The Jeans instability 
of rotating anisotropic heat-conducting 
plasma has been discussed by Prajapati 
et al. n . Uberio 12 has investigated the 
electron inertia effect on the transverse 
gravitational instability. More recently, 
prajapati and Chhajlani 13 have discussed the 
effect of dust temperature on both jeans 
instability and radiative condensation 
instability (RCI) of self-gravitating 
magnetized dusty plasma. Yang et al. 14 have 
studied the large-scale gravitational 
instability and star formation in molecular 
clouds. The gravitational stability of 
partially ionized astrophysical plasmas 
embedded in a large-scale magnetic field has 
been studied by Jacobs and Shukla 15 . 
Inutsuka et al. 16 have investigated the 
propagation of shock waves into a warm 
neutral medium taking into account radiative 
terms. Menou et al} 1 have shown the 
importance of radiative effects in the sun's 
upper radiative zone. Kim and Narayan 18 
have discussed the thermal instability in 
clusters of galaxies with conduction taking 
on the role of the effect of radiative heat-loss 
function. Shadmeri and Dib 19 have discussed 
the thermal instability in magnetized 
partially ionized plasma with charged dust 
particles and radiative cooling functions. 

In this paper we have investigated 
the effect of radiative Heat-Loss function, 
thermal conductivity, finite resistivity, 
viscosity and electron inertia on the Jeans 
gravitational instability of homogenous two 
component rotating plasma. 



2. LINEARIZED PERTURBATION 
EQUATIONS 

We consider an infinite 
homogeneous, self-gravitating plasma 
including finite electron inertia, arbitrary 
radiative heat-loss functions, rotation, 
viscosity, finite electrical resistivity and 
thermal conductivity, density of ionized 
component p, density of neutral components 
Pd (P » Pa)- ^ i s assumed that the above 
medium is permeated with a uniform 

magnetic field H (0, 0, H). The axis of 
rotations are taken along and perpendicular 
to the direction of the magnetic field. We 
assume that the two components of the 
partially ionized plasma (the ionized fluid 
and the neutral gas) behave like a continuum 
fluid and their state velocities are equal. 

Thus the linearized perturbation 
equations governing the motion of 
hydromagnetic thermally conducting two 
component plasma rotating with a uniform 
angular velocity are given by 

p d -l = -VSp + pVScp + ^(Vxh)xH + 
P d v c (v d - v) + pvV 2 v + 2p(v x a). 

(1) 

d j?=-v c (T d -v). (2) 

^=-P?v. (3) 

V 2 8cp = —AnGSp. (4) 

1 dSp y p dSp 
(7-1) dt ~(Y-l)p~dT 
+p(£ p 5p + £ T 6T) - AV 2 6T = 0. (5) 

^ = ^ + ^. (6) 

V T P 
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^ = Vx (vxH) + riV 2 h+ 4-f V 2 K 



(vr)\ ^-/^ 
— J is the adiabatic 



V./i = 0. 



(8) 



where the parameters G, x>, X, r\, R, y, Q. (H x , 
0, H z ) c, ft}, e , iV, e, and v d denote the 
gravitational constant, kinetic viscosity, 
thermal conductivity, electrical resistivity, 
gas constant, ratio of two specific heats, 
rotational frequency, velocity of light, 
electron plasma frequency, number density, 
charge of electron and neutral gas velocity 
respectively. 

The perturbations in fluid velocity, 
fluid pressure, fluid density, magnetic field, 
gravitational potential, temperature and the 
radiative heat-loss function are given as 
v(v x ,v y ,v z ), dp, dp, h(h x h y h z ), S<p, ST, 
and SL respectively. In equation (5), £ p T are 
the partial derivatives of the density 
dependent (d£/3p) T and temperature 
dependent (d£/dr) p heat-loss functions 
respectively. 

3. DISPERSION RELATION 

We assume that all the perturbed 
quantity vary as 



exp {i(k x x + k z z + cot)}. 



(9) 



where ro is the frequency of harmonic 
disturbances, k x> and k z are wave numbers in 
x and z direction, respectively, such that 
kx + kz = k 2 combining equation (5) and 



velocity of sound in the medium. The 
parameter a and |3 are given by 



(ii) 



Using equation (2) - (11) in 
equation (1), we obtain the following 
algebraic equations for the amplitude 
components 



oBv, 



a + v r 



K 2 V 2 

+ a v + — — 



k 2 



+ ?*n$s = o. 



(12) 



2Cl z v x + ( a + 



-2H x v 7 = 0. 



a + v r 



■ + n v + 



k 2 z v 2 



(13) 



2fl x v y + (a + ^ + fl v ) v z + ^fl^ s = 0 

(14) 

Taking divergence of equation (1) 
with add of equation (2) - (1 1), we obtain 



fik x k 2 V 2 \ 



X 

aBv r 



a+v c 



- 2i(k x a z - k z a x )v y - 

+ n v ) + n|}s = o. 

Sp 



(15) 



(6), we obtain the expression for Sp as 
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p 

the medium, V = -rpr is the Alfven 

(4np)V z 

velocity, c 2 = yc' 2 where c and c' are the 
adiabatic and isothermal velocities of sound. 
Also we have assumed the following 
substitutions. 
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B = ^, fi^ = (^^j, fl 2 = ( k 2 a _ 47TG pP), 

Of = (k 2 c 2 - 4-rrGp), fl v = vfc 2 , fl m = r]k 2 , 
d = (a+P), 4 = (a/ + n m ), / = (l + ^£). 



The nontrivial solution of the 
determinant of the matrix obtained from 
equation (12) to (15) with v x , v y , v z , 5 
having various coefficients that should 
vanish is to give the following dispersion 
relation 



^('+^+*+^-*(«+^+<>.+)K''+^+ n .M}«+ 

4a x k x k z si z p 2 nf. 4n 2 fc 2 fi^ / fl \ _ 4n x k x k z n z s% / fl \ i/ 2 fc 2 »j. / oflvc 

,4 fc 2 V <7+v c V fc 2 V (7+v c V ,4 V cr+v c 



The dispersion relation (16) shows 
the combined influence of partially ionized 
plasma, finite electron inertia, viscosity, 
rotation, thermal conductivity, electrical 
resistivity and arbitrary radiative heat-loss 
functions on the gravitational instability of a 
homogeneous plasmas. If we ignore the 
effects of the partially ionized plasma then 
we contribute Hall parameter and 
permeability. The present results are also 
similar to those of R. P. Prajapati et al. The 
above dispersion relation is very lengthy and 
to study the effect of each parameter we now 



reduce the dispersion relation (16) two 
modes of propagation. 

4. ANALYSIS OF THE DISPERSION 
RELATION 

4.1 Longitudinal mode of propagation 
(KIIH) 

For this case we assume all the 
perturbations longitudinal to the direction of 
the magnetic field i.e. (k z - k, k x - 0). This is 
the dispersion relation reduces in the simple 
form to give 



-{(. 



a+v c v 



+ 



a+v c 



v A J \ a+v c v 1 / x \ a+v r v J \ a+v r 



a+v c 



(17) 



Equation (17) gives the general 
dispersion relation for infinite homogeneous, 
uniformly magnetized, self-gravitating, 
Rotating viscous, finite electron inertia, 



partially ionized plasma, finite electrical 
Resistivity, thermal conductivity and 
radiative heat-loss function, when the 
disturbances are propagating parallel to the 
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magnetic field. Again for simplicity, the 
dispersion relation (17) is discussed for axis 
of rotation is along and perpendicular to the 
magnetic field separately. 

4.1.1. Axis of rotation along the magnetic 
field 

When the axis of rotation is along 
the magnetic field, we put Cl x = 0 and 
a z = a, Then (17) gives 

Equation (18) has three independent factors; 
each represents the modes of propagation 
incorporating different parameters. 

The first factor of equation(18) is 
equal to zero. 

a 2 + ar r + H v v c = 0. (19) 

where r x = {v c (l + B) + fl v }. 

Equation (19) is same as equation (7) earlier 
obtained by Ali and Bhatia. Equation (19) 
cannot have a real positive root hence it 
satisfies the necessary and sufficient 
condition of stability. The first factor 
represents stable damped mode due to 
viscosity of medium, modified by the effect 
of collision frequency. It is evident from the 
equation (19) that the condition of stability 
of the fluid is independent of the magnetic 
field, electrical resistivity, thermal 
conductivity, self gravitation, arbitrary 
radiative heat-loss function and finite 
electron inertia. 

The second factor of equation (18) 
equating to zero and we obtain following 
dispersion relation 



er 4 + er 3 ^ + /?) + er 2 [n v v c + + ft 2 ] + 

<r [v c {nf + pn v ) + n 2 ] + v c n 2 = o. (20) 

This dispersion relation for self 
gravitating fluid incorporated effect of 
neutral particles, viscosity, thermal 
conductivity, finite electron inertia and 
arbitrary radiative heat-loss function. It is 
evident from equation (20) that the condition 
of instability is independent of magnetic 
field, electrical resistivity. The dispersion 
relation (20) is a fourth degree equation 
which may be reduced to particular cases so 
that the effect of each parameter is analyzed 
separately. 

For thermally non-conducting, non- 
radiating, non viscous, self gravitating fully 
ionized fluid we have a = P = v c - £2 V = 0 the 
dispersion relation (20) reduces to 

a 2 + Of = 0. (21) 

It is clear from equation (21) that 
when CI 2 < 0, the product of the roots of 
equation (21) must, therefore, be negative. 
This implies that at least one root of a is 
positive. Hence, the system is unstable. Thus 
for the cases of equation (21) the condition 
of instability is 

af = (c 2 k 2 - 4TiGp) < 0. 

k<kj = (^) 1/2 . (22) 

where kj is the Jeans wave number. Equation 
(22) is original Jeans expression for 
instability. The Jeans length is given as 

^= C © 1/2 - ^ 
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The fluid is unstable for all Jeans 
length X > Ay, of Jeans wave number k < 
ki. It is evident from equation (22) that the 
Jeans criterion of instability remains 
unchanged in the presence of neutral 
particles and viscosity. 

For non-radiating but thermally 
conducting, viscous and self gravitating fluid 
having neutral particles, the dispersion 
relation (20) reduces to 

a 4 + a 3 fa + fl fc ) + a 2 [a v v c + + flfj + 
cr[v c (nji + ftv^/c) + ft/c^f ] + v c D. k af = 0. 

(24) 

, /p\l/2 

where c = y-j is the isothermal velocity 
of the sound. 



n? x = c' 2 k 2 - AnGp and D. k = 



Xyk 2 
pc p 



(25) 



It is clear from the constant term of 
equation (24) that the system leads to 
instability if < 0, which gives 



c' 2 k 2 - AnGp < 0. 



or 



k < k 



71 



V c 2 J 



(26) 



Where /c^is the modified Jeans 
wave number for thermally conducting 
system and the corresponding modified 
Jeans length is given as 



(27) 



Comparing equation (23) and (27) 
we see that owing to thermal conduction, the 
sonic velocity is changed from adiabatic to 
isothermal one is Jeans expression. 



From equation (23) and (27) we 



obtain 



/l\l/2 

= A,(-) . (28) 



It is clear from equation (28) that the 
Jeans length is reduced due to thermal 
conduction [as y > 1], thus the system is 
destabilized. If we consider self-gravitating 
and thermally non-conducting plasma 
incorporated with neutral particles, arbitrary 
radiative heat-loss function then the 
condition of instability is given as 



k < kj2 — 



L T - 



1/2 



(29) 



Here kj 2 is the modified critical wave 
number due to inclusion of arbitrary 
radiative heat-loss function. Hence, for wave 
number k < kj 2 , the system is unstable, 
therefore, the system begins to break in to 

fragments of size comparable to (Xj 2 = ^-j. 

Comparing equation (22) and (29) 
we find that the critical wave number kj 2 is 
very much different from the classical Jeans 
wave number kj and depends on derivatives 
of the arbitrary radiative heat-loss function 
with respect to local temperature £ T and 
local density £ p in the configuration. It is 
clear from equation (29) that when the 
arbitrary radiative heat-loss function is 
independent of density of the configuration 
(i.e. £ p = 0), then kj 2 = kj i.e. critical wave 
number remains unaffected and if the 
arbitrary radiative heat-loss function is 
independent of temperature (£ T = 0), then 
/cy 2 vanishes. 
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The condition of instability of the 
system, when combined effect of all the 
parameters represented by the original 
dispersion relation (20) is given as 



n? = [fc 2 ( 



T£ n 



t - P^p 
Tp£ T TAk 2 " 
'~Jl 



+ 



Ak 2 T~\ 



AnGp p£r + ^l< 0 . 



(30) 



It is evident from condition of 
instability (31) that the Jeans criterion of 
instability is modified due to inclusion of 
thermal conductivity and arbitrary radiative 
heat4oss function. 

From inequality (30) the range of 
critical wave number k j3 is given as 



k ]3 ~ 2 1/2 



( AnGp p'C p pL T \ 
I a 2 AT A J 



\ ( AnGp p 2 l p _ pl T \ 2 , 16nGp 2 L T \ 
[1 a 2 AT A ) Ac 2 J 



(31) 



If inequalities (31) is applied for a 
purely temperature dependent arbitrary 
radiative heat4oss function (£ p = 0), 



where 



increases with temperature (£ T > 0), then 
the condition of monotonic instability is 
given as k < k^. However, if instead the 
arbitrary radiative heat-loss function 
decreases with temperature (£ T < 0), the 
instability arises for k 2 lying between the 

values -y- and 4n ^ 2 P for parallel propagation. 

Furthermore, if it is considered that heat-loss 
function is purely density dependent 
(£ x = 0) then the condition of instability is 
given as 

,1/2 

j • (32) 



k ^ — 



(AnGp , p 2 JC p i 



+ 



a A AT 
It is evident from inequality (32) 
that the critical wave number is increased or 
decreased, depending on whether the 
arbitrary radiative heat-loss function is an 
increasing or decreasing function of the 
density. 

Now equating zero the third factor 
of equation (18) and after solving we obtain 
dispersion relation as. 



er 6 + er 5 A 1 + er 4 A 2 + a s A 3 + er' 
aA 5 + A 6 = 0. 



A A + 

(33) 



A 1 
A 2 
As 
A 4 



= 2 



[^ +r 2 + l^ ri + 2fivVc + ^! +4fl 2] 

2 [^f + r x + v c ) + ^ (r 2 + 2a v v c + 4H 2 ) + + ri n v v c + 4v c n 2 ]. 

(2 ri n m + 2n v v c f + m m v c + 2x x v c f + V 2 k 2 ) + (r 2 + 2H v v c + 4H 2 ) + 

^(^hn + 4ri n v ) + v 2 (4n 2 +n 2 )]. 
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a 5 = 2 [^(y 2 k 2 v c + a v v 2 f + r lVc a m + n v a m v c ) + ^ (4 n 2 +a 2 ) + ^( 4 n 2 + 

rM]. 

a 6 = (a 2 ^ + m v n m v 2 k 2 + v 4 /c 4 + 4 n 2 n 2 l ). 



This dispersion relation (33) 
involves magnetic field, viscosity, finite 
electrical resistivity, finite electron inertia, 
rotation and the effect of the neutral 
particles, but it does not involves thermal 
conductivity, arbitrary radiative heat-loss 
function and self gravitation. Since the 
coefficient of the equation (33) are all 
positive including the constant term, 
therefore, this equation cannot have a 
positive roots which means that system 
represented by equation (30) is stable. Thus, 
this equation gives Alfven mode modified 
by the dispersion effect of the neutral 
particles. 

4.1.2. Axis of rotation perpendicular to 
the magnetic field 

In the case of a rotation axis 
perpendicular to the magnetic field we put 
£2 X = Q., and £2 Z = 0 in the dispersion 
relation(17) and this gives. 

/ , oBv c , _ , k 2 v 2 \ iy , oBv c , 
- [a + + ft v + o" + + 

\ <J+V C V A J Y\ <J+V C 

n v ) + n|} a 2 - 4 n|n 2 ] = o. (34) 

This dispersion relation is the 
product of two independent factors. These 
factors show the mode of propagations 



incorporating different parameters as 
discussed below. 

The first factors of equation (34) is 
obtained 

a 3 + a 2 (ff + ri ) +a(^ + a v v c + 
fc 2 v 2 ^ _j_ v c v 2 k 2 + a v a m v c _ q ^5) 

This equation (35) represents 
general dispersion relation of the system 
representing the effect of magnetic field, 
electron inertia, finite resistivity, viscosity 
and collision frequency of neutral particles. 
This third order equation cannot have a real 
positive roots, this means that the system 
represented by equation (35) is stable. 
Equation (35) gives Alfven mode modified 
by the effect of resistivity and electron 
inertia. 

The second factor of (34) gives, on 
substituting the values of D. 2 the following 
ninth order polynomial equation 

a 9 +a 8 C 1 + a 7 C 2 + a 6 C 3 + a 5 C 4 + 
er 4 C 5 + er 3 C 6 + a 2 C 7 + a C 8 + C 9 = 0. 

(36) 

The dispersion relation (36) is 
cumbersome, so its constant term of the last 
coefficients gives the condition of 
instability. The condition of instability from 
the constant term of (36) is given by 
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v c X<^ + ^)<0. 



The condition of instability is obtained from 
constant term of equation (36) and gives as 



af = k 2 a - 4nGp(3 < 0. 
which is same as equation (30). 



(37) 



For this case we assume all the 
perturbations are propagating perpendicular 
to the direction of the magnetic field, for, 
our convenience, we take k x = k, and k z = 0, 
the general dispersion relation (16) reduces 
to 



n > ) + n?}n| + 4n|nf( c , + ^ + n > ) + E^*( c , + ^ + a v )( c , + ^ + n > ) + 

= 0.] (38) 



4K 2 V 2 njflj. 



The dispersion relation (38) shows 
the influence of viscosity, rotation, finite 
electron inertia and partially-ionized 
plasmas. 



4.2.1. Axis of rotation along magnetic field 

When the axis of rotation is along 
the magnetic field, we put Q. x = 0 and 
fl z = fl, the dispersion relation (38) reduces 
to 



a 2 ] -4{a{a + ^ + a v ) + a^}a 2 + 4a 2 a 2 T + (a + ^ + a v ) a 2 ^f\ = o. (39) 



<J+V C v 



Equation (39) has two independent 
factors, each representing a different mode 
of propagation. The first factor of (39) gives 
same result as given in (19). 

The second factor of equation (39) 
gives the nine order equation. 

a 9 + a r a 8 + a 7 a 2 + o 6 a 3 + a 5 a 4 + 
a 4 a 5 + a 3 a 6 + a 2 a 7 + a a 8 + a 9 = 0. 



(40) 



Equation (40) represents the 
dispersion relation for transverse 
propagating through finite homogeneous, 
self-gravitating, viscous magnetized partially 
ionized plasma having finite electrical 
resistivity, rotation, radiative effects, 
electron inertia with the effect of neutral 
particles. 

It can be seen that when tif < 0, 
The constant term a 9 of the dispersion 
relation (40) will be negative. This implies 
that at least one root of is positive, hence the 
system is unstable. So the condition of 
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instability for transverse mode of The first factor of equation (42) gives, on 

substituting the values of Q 2 and Ri gives, 



propagation is given as 
H 2 = k 2 a - AnGpB < 0. 
which is same as equation (30). 



(41) 



4.2.2 Axis of rotation perpendicular to 
the magnetic field 



the 



wave 



We now analyze 

propagation in transverse direction of 

° , . - ... . the neutral particles, 

external magnetic field considering the 



er 4 + 2r 1 er 3 + (2ft v v c + r? + 4Cl 2 )o 2 + 
(2r t a v v c + 8a 2 v c )a + (fl 2 + 4H 2 )v 2 = 0. 

(43) 

Equation (43) represents damped 
stable mode depending upon the viscosity of 
the medium, rotation and collision effects of 



rotation of the magnetic field, we put £2 X = 
£2, and £2 Z - ( 
and this gives 



The second factor of equation (42) 
Q, and Q, = 0 in the dispersion relational) ^ Qn substituting the value of A and fl 2 



n v + ^){ ff ( ff + ^ + n v ) + n|)]= o. (42) 



gives 

a 7 + B 1 a 6 + a 5 B 2 + a 4 B 3 + a 3 B 4 + 
a 2 B 5 + oB 6 + B 7 = 0. (44) 



where 
Si = 



B 2 = 



tf + 2r 1+ £]. 
^(2?i + /?) + 2r x B + 2Q. v v c + rl + nf]. 



+ 



B 3 = (2r t p + 2a v v c + rl + nj) + ^- fa + v c + B) + nfa + v c nj + nf 
2D. v v c B + 2r 1 Cl v v c + r 2 /?]. 

B 4 = (nfa + v c nf + nf + 2tt v v c B + 2r 1 a v v c + r?B) + V -y- (y c B + r x v c + tt v v c + 

r x B~) + 2Br 1 a v v c + fl 2 v 2 + r t njv c + nfv c + r ± nf + ft v v c /2 2 ]. 
B 5 = [y-(2/?r 1 H v v c + ft 2 v 2 + r x a)v c + nfv c + r x a 2 + a v v c nf) + ^j-{v c Br 1 + 

a v v c B + a v v 2 ) + n. 2 v 2 p + r x n 2 v c + a v v 2 nj + nfn v v c ]. 



b 6 = [^(a 2 v 2 s + ri nfv c + nfv c a v + a v v 2 nj) + 



a v vlv 2 k 2 p 
7 



+ 



n v v c 2 /2 7 2 ]. 



equation (43) seventh degree equation, where the constant term B 7 is given as 
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(46) 
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If the condition flf < 0 is satisfied, the 
above equation admits at least one real 
positive root which leads to the instability of 
the system. 

CONCLUSION 

In the present paper we discussed 
the problem of gravitational instability of 
partially ionized rotating viscous plasma 
including the effect of resistivity, finite 
electron inertia and radiative heat-loss 
function. The general dispersion relation for 
gravitational instability is obtained, which is 
further reduced for some special cases to see 
the individual effects of rotation, thermal 
conductivity, finite resistivity, magnetic 
field, viscosity, finite electron inertia and 
radiative heat4oss function. It is found that 
the viscosity has a damping effect but does 
not affect the Jeans Criterion of instability. It 
is also found that the Jeans criterion is 
unaffected by the collision effects of neutral 
particles in all the modes of propagation. 
Thermal conductivity modifies the Jeans 
criterion of instability in replacing adiabatic 
sound velocity by isothermal velocity. Jeans 
criterion of instability is modified by Alfven 
velocity in perpendicular direction. 

In the transverse mode of 
propagation with axis of rotation parallel to 
the magnetic field, we find a gravitating 
thermal mode influenced by finite electron 
inertia, rotation, thermal conductivity, 
collision frequency between two component 
of plasma and arbitrary radiative heal loss 
function. The expression of critical jeans 
wave number both are modified due to the 
presence of finite electron inertia, magnetic 
field and rotation and it shows a stabilizing 
influence. 
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